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MEDICINAL PRODCJCT AND METHOD FOR TREATMhlNT OF CONDT- 
TIONS AFFECTING NEUR AL STEM CELLS OH PROGENI TOR CELLS 

field of invention 

The present invention relates to uae oi: suL,« Lances; 
that upon administration to a patient wj 11 lead to in- 
creased concentrations of growth hormone for the produc- 
tion of medicinal products. 

The present invention also relates to a method for 
treatment of abnormal conditions affecting neural stem 
cells or progenitor cells. 
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ck-ground of the Invention 
The result of traumatic, asfyxial, hypoxic. 
Ischemic, toxic, infectious, degenerative or metabolic 
insults to the central nervous system (CNS) of man may 
involve a certain degree of damage in several different 
cell types. Damage to the brain by trauma, asphyxia, tox- 
ins, ischemia or infections are frequently causing neuro- 
logical and cognitive deficits. Degenerative disca.<5es may 
cause loss of specific populations of cells. For in.stancti 
Parkinson's disease is associated by .specific loss of 
dopaminergic neurons in the Substantia nigra, simjiarly, 
muJtiple sclerosi-s is associated with loss of myelin and 
oligodendrocytes. Other examples of degenerative disor- 
ders caused by selective loss of a specialized type of 
neurons Is Alzheimer's dlsea.se associated with loss of 
cholinergic neurons. There are many other instances in 
which CNS injury or disease can cause damage to oligodcn- 
droglia, a.gtroglia or neuronal cells. 

Furthermore, axonal regeneration and sprouting after 
injury to axons in the CNS white mater tracts and injury 
to the spinal cord has been shown to be inhibited by sur- 
face molecules expressed by oligodendrocytes. 
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Progenitor cells have been grown and propagated with 
growth factors like ep.i.dermaJ. growth factor (EGF) , which 
is a substance belonqinq to a dillcrcnt class than GH . 

In general^ rej.^ la cement of neurons following dcgrjA- 
cration or damage i3 not a character ii: tic of the Tnammal- 
ian brain. Neuronal los-s is thus considered permanciiL. 
ProlongtJd postnatal neurogenesis has been described in 
the granule cell layer of the hippocampal formation 
(Altman, J., and Das, G.U. , J. Camp. Neurol, 124: 319- 
335 (1965); Altman, J. and Das, G.D. Nature 1O90- 
1101 (1967); Caviness, V. .s . 1r., J. Comp Neurol. 151: 
li:^-120 (1973); Gueneau, G., Privat, A., Drouet, and 
Court, L., Dev. Neurosci . 5, 345-358(1982); Eckenhoff, 
and Rakic, P, , J. Neurosci. 8: 2729-2747(1980)). 
Neurogenesis has recently been shown to persist well into 
adulthood in man (Eriksson, P.S,, Pcrfilieva, K., B^ork- 
h'.riksson, T. , Alborn, A,, Nordborq, C, Peterson, D.A., 
Gage, F.H., Nature Med, in press). Neuronal progenitor 
cells reside in Lhe subgranular zonB (SGZ) of the dentate 
gyrus where they continuously proliferate, migrate into 
the granulae cell layer and differentiate into granule 
ceils (Kuhn, H. , Dickinson-Anson, H., and Gage, F.H., J. 
Neurosci. 16: 7027-2033 (1996); Cameron, H.A., WoolTey, 
C.S., McEwen, B.S., and Gould, E., Neuroi5cicnce 56: 337- 
3<14 (1993); .^eki, T. and Aral, Y. , J. Neurosci, 13: 23i-31- 
23b8 (1993)). 'L'hesG newborn neurons in the granule cell 
layer express markeri^ of dif f erent iatua neuron;=i and have 
morphological characteristics corre.sponding to differen- 
tiated granulae cells (Kaplan, M.S. and Be.ll, D.il., J, 
Neurosci. 4: 1429-1441 (1984); Cameron, H.A,, Woolley, 
C.S., McEwon, B.S. and Gould, K, Neuroscience b6z 337-344 
(1993); Cameron, H.A., WooTley, C.S,, and Could, E., 
Brain Res, 611: 342-346 (1993)). Furthermore, they estab- 
lish axonal processes into the mossy fiber pathway and 
form synapt.ic connections with their targets in hippocam- 
pus CA3 (Seki, T. and Aral, Y., J. Neurosci. 13: 2351- 
235G (1993); Stanfield, B.D. and Trice, J.E. Exp. Brain 
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Res. 72: 399-406 (19B8)). The hippocainpus is associated 
with spatial learning and memory (McNamara, R,K, and 
Skeltoii, R.W., Brain Res. Rev, 18: .13-49 (1 993)). The 
proliferation of progenitor ce.l 1 5 can be inilucnccd by 
the administration or n-methyl-d-a.spartate (NMDA) recep- 
tor antagonists or by the removal of Lhe adrenal glands 
(Cameron, H.A. and Gould, E, Neurosci ence 61: 203-209 
(1994); Cameron, II. A., Tanapat, P., and Gould, E., Neuro- 
scicnce 82: 349-3b4 (1998)). PlasticziLy Is reduced with 
increasing aye, and recent studies have demonstrciLed that 
proliferation of progen.itor cells also is decreased but 
not completely abolished with age (Kuhn, H., Dickinson- 
Anson, H., and Gage, j. NeurQs<:i- 16: 2027-y!033 

(1996) ). Stem cells isolated from the adulL rodent brain 
has reeeiiLly been transplanted into the brain of adult 
animals where they dill erent.i ate into ce.l.ls with neuronal 
characteristics (Suhonen, J.O., Peterson, D.A. , Ray, J. 
And Gage, F.H., Nature 383:624-627 (1996)). 

Furthermore, neurogenesis in the dentate gyrus in 
young mice has been shown to be facilitated by enriched 
environments. It was shown that exposure to enriched en- 
vironments leads to an increased number of surviving 
newly formed qranulae cell neurons and an increased total 
nLimber of neurons in the dentate gyrus (Kempermann, G,, 
Kuhn, H. G., and Gage, h\ H., Nature 386: 493-49b 

(1997) ) . 

Summa ry of the invention 
It has now been fecund that by using growth hormone, 
or an analogue thereof, or another substance leading to 
increased concentrations of growth hormone or analogues 
thereof, it is possible to modulate the proliferation 
and/or differentiation of neural stem cells and progeni- 
tor cells from the adult CNS. The present invention thus 
provides new possibj . Titles to tre^it .injuries to or dis- 
eases of the <:eiitrcil nervous system that predominantly 
affect oligodendrogli a, astroglia or neuronal celly by 
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modi£icaLion of proliferation cell genesis and/or differ- 
entiation of neuronal stem cells or progenitor cells in 
Lhe central nervous system. 

It has also been found Lhat it is possible to con- 
trol Lhc prupdgdLlon in vitro of stem oe.lla, proqenitor- 
cells and other cells, especially cells dcriv/ed from the 
central nervous system, with the potential to qeneraLe 
neurons, astrocytes or oligodendrocytes. Such cellu may 
e.g. be used for therapeutic purposes in patients. 

Thus, the present invention relatci; Lo the use of a 
substance r.h^it upon administration to a patient will lead 
to an increased concentration of growth hormone or a 
functionally equivalent analogue thereof for the produc- 
tion of s medicinal product for Lreatment of an abnormal 
condition affecting neural stem cells and/or progeniLor 
cells - 

The invention also relates to a method for treatment 
of an abnormal condition affecting neural stem cells 
and/or progenitor cells, wherein a pharmaceiit ically ac- 
tive amount of a substance that will lead to an increased 
concentration of growLli hormone or a functionally equiva- 
lent analogue thereof is administered to a patient. 

Furthermore, the invention relates to a method of 
inducing lineage determination, propagating and/or induc- 
ing or maintaining the genesis of neurons, oligodendro- 
cytes, astroglial cells from progenitor cells, atem cells 
and/or cel.ls derived from said cells by administration of 
an effective amount of growth hormone or a functionally 
equivalent analogue thereof to stem cel.ls, progenitor 
cells, neurons astroglial cells and/or oligodendrocytes 
in vitro. 

Another aspect of the invention relates to dbnormal 
conditions In the CNS due to too high concentrations of 
growth hormone in the CNS, 

The invenLion thus also relates to tlie use of a sub- 
stance that upon administration to a patient will lead to 
a decreased concentration of growth hormone or a func - 
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tionaliy equivalcnL analogue thereof for the product.lon 
of a medicinal product for treatment of an abnormal con- 
dlLion alfccting stem cells, progenitor cells and/or 
cells derived from stem cells or progenitor cells, as 
well as to a method of reducing the genesis of oligoden 
drocytes, neurons, astroglial colls from progenitor cells 
or £5 Lorn cells in, or derived from, the central or perif- 
eral nervous system in a patient, wherein a pharmaceuti- 
c:ally effective amount of a substance Lhat will lead to a 
decreased concentration of growth hormone or a function- 
ally equivalent analogue thereof is admijiitiLer«id Lu ^ciid 
patient . 

The characterizing features of the invention will be 
evident from the following description and the appended 
1 5 claims . 

Detailed description of the invention 
The maminalian brain, including the hvman brain, re- 
tains its ability to generate neurons throughout life in 
certain brain regions. New neurons and astroglial cells 
dnd oligodendrocytes are generated by cell genesi.? from 
stem or proqenltor cells. During the research leading to 
the present invention it was found that growth hormone 
(below denoted GII) induces an increase in cell genesis 
2b from progenitors/stem cells in the adult brain. It was 

also found that increased number of new cells in the hip- 
pocampus is associated with improvement in learning and 
memory. These findings lead to the insight that it is 
possible to manipulate neurological deficits, such as 
memory and learning deficits, in patients by manipulating 
the amount of CH pre£;ent in the environment surrounding 
the eel Is - 

It was thus found that it is possible to treat a CNS 
damage or deficit after an insult by increasing the num- 
ber of stem cells or progenitor derived cells including 
neurons, astroglial cells and oligodendrocyt OS - 
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It yjuLs al£50 found that it is possible to treat neu- 
ral loss Kuflcred after a CNS insult by incre£i:sing the 
number of stem cells or progenitor derived cells includ- 
ing neurons, astroglial cells and oligodendrocytes in a 
patient by increasing the concentration of GH in the pa- 
tient to induce proliferation and/or diiterentlation of 
stem cells with a concomitant increase in cell genesis- 

Finally it was found that it is po^ssible to treat 
neural loss suffered after a CNS insult by increasing the 
number of st.em cells or progenitor derived cclli; includ- 
ing neurons and/or astroglial cel.ls and/or oligodendro- 
cytes in a patient by increasing the concentration of GH 
in the patient to induce proliferation and/or differen- 
tiation of stem cells with a concomitant increase in cell 
genesis in order to facilitate the isolation through yur- 
gical removal of small samples of brain tissue crontainlny 
said cells for further expansion in v^itro and concomitanL 
re-transplantation into the patient . 

Thus, the present invention relates to the u^e of a 
substance that upon administration to a patient will load 
to an increased concentration of growth hormone, or of an 
analogue thereof, for the production of a medicinal prod- 
uct for treatment of an abnormal cc^ndition affecting neu- 
ral stem cells, progenitor cells and/or cells derived 
from neural stem cells or progenitor cells, as well a.-^; to 
a method for treatment of an abnormal condition affecting 
neural stem cells, progenitor c:ells and/or cells der.i.ved 
from neural stem cells or progenitor cells, wherein a 
pharmaceutically active amount o£ a substance that wil 1 
lead to an increased concentration of growth hormone is 
adminisLtired to a patient. 

The substance that wil.1 lead to an increased concen- 
tration of growth hormone or analogue thereof may e.g. be 
growth hormone itself, or a functionally equivalenl ana- 
logue thereof. The term "functionally equivalent analogue 
thereof" relates to all substances that upon administra- 
tion to a patient will have essentially the same biologi- 
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cai and pharmaceutical effect as GH. Such an analogue may 
e.g. be a synthetic GH mimetic. It is also possible to 
use a compound that, upon administration Lo a paLient will 
give riae to an olcvaLed active concentration of GH or of 
n natural occurring Cll analogue or its ined:i a tors* i n the 
CNS of the patient, e,g. by giving rise to an increased 
release of endogenous GH. For example, positively regu- 
lating binding proteins of GH may bo used, such as the GH 
releasing substance growth hormone rnloasing peptide 
(CHRP) and analogous thereof. 

The medicinal product according to the invent.ion 
preferably comprises the active isubstance in a pharma- 
coloqically acceptable carrier or diluent such as those 
known in the art . 

The medicinal product or the substance used accord- 
ing to Lhc invention is preferably administered via In- 
travenous periferal infusion or via intramuscular or sub- 
cutaneous injection into the patient. It is also possible 
to administer the medicina.1 product or the pharmaceut i- 
cally active substance through a surgica.lly inserted 
shunt into ti cerebral ventricle of the patient. 

Preferably, the administered subcutaneous dosage 
range of the pharmaceutically active substance is about 
0,01-1 VFVkg body weight of the patient per week. 

The term "patieiiL", as used herein, relates to any 
human or non-human mammal in need of treatment according 
to the invention. 

The te.rm ''treatment" used herein relates to i>oth 
treatment in order to cure or alleviate a disease C3r a 
condition, and to treatment in order to prevent the de- 
velopment of a disease or a condition- The term treatment 
also refer to the affecting of cell genesis from stem 
cells or progenitor cells, by inducing the gene.sis of 
neurons and/or glial cells after either neuronal, oli- 
godendrogl i al or glial cell loss in the CNS or PNS 
(periferal ncrvou5j system) or to prevent the normal aqe 
related deterioration in the CNS or PNS, the term al.-^o 
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relates to the cultivaLion of stem or progenitor cells 
for concoraiLaiit transplantalion to the c;ns or PNS in pa- 
tients. The treatment may either be performed in an ac:,ite 
or in a chronic way. 

As stated above the pharmaceuLically active sub- 
.^Laxice used according Lo the invention is suiLable for 
treatment of abnormal conditions affecting neural stem 
colls, progenitor cells und/or cell .5 derived from neural 
stem ceils or progenitor cells. It can thus be used to 
prevent, treat or ameliorate damages, diseases or defi- 
cits of central nervous system (CNS) . The pharuiaceuLi- 
cally active substance used according to the invention is 
especially suitable for treatment of conditions affecting 
Lhc oiiqodendroqTia, astroglia, and/or neuronal cells. 
Such conditions may e.g. be a CNS damage or deficit, neu- 
ronal cell loss or memory loss. .Such conditions xaay be 
caused by a number of different factors or diseases, such 
as multiple sclerosis, hypoxic injury, ischemic in-jury, 
traumaLic iniury, Parkinson's disease, and demyelition 
di.sorder. 

The effect the phaxmaceutically active .substances 
used according to the invention is due Lo their ability 
to either induce cell genesis, prolifcra Lion and/or dif- 
ferentiation of progenitor derived colls in or from the 
central nervous system. 

According to another cmk>odiment of the invention iL 
±^ possible to use growth hormone or a functionally 
equivalent analogue thereof in order to propagate pro- 
genitor eel .Is or stem ceils or other neural cells in a 
tissue culture or a cell culture- Such cells may thoreal- 
ter be used for cell transplantation into a patient suf- 
fering from neuronal, cell loss or a condition due to lack 
ot endogenous cells of this type. The colls used to start 
the culture may either originate from the patient itself 
of from human or animal donors. 

When colls are to be removed from a patient for in 
vitro propagation it may be advantageous to first in- 
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crease the number of progenxLor cells in the patient. 
Thli5 faci.l itating Lhe subsequent isolation of said ceils 
from patients facilitaLes the subsequent iiioiat.ion of 
said cells from patients. The number of progenitor cells 
are increased by use of the method or medicinal product 
according to the liivenLion, i.e. by the use ol liubstance 
that upon administration to a paticnL will lead to an in- 
creased concentration of growth hormone or a functionally 
equivalent analogue thereof. 

Growth hormone, or a functionally equivalent ana- 
logue thereof, may be used alone or in junction with 
other medicaments or growth factors such as epidermal 
growth factor (EGF) or fibroblast growth factor 2 (FGhP.) 
designed to induce in cell genesis or prolif tsrat i on in 
the CNS or PNS. f-irowth hormone, or a functionally equiva- 
lent analogue thereof^ alone or in conjunction with other 
medicaments, peptides, growthtactors, steroids, lipids, 
glycosylated proteins or peptides, either simultaneous or 
in sequence, may be used in order to facilitate eel 1 
genesis or the generation of specific cell typRs in vivo 
or in vitro- .It may al£;o be used to induce immature, or 
multipotent cells to active spec:ific: developmental pro- 
grams as well as specific genes in the aforementioned 
cells . 

By the above mentioned cell genesis is meant the 
generation of new cells such as neurons oligodendrocytes 
schwancells and astroglial cells from multipotent cells, 
progenitor or stem cells within the adult CNS or PNS or 
In vitro. 

Furthermore, the invention also relates to the 
therapeutic use of substances that decrease the amount ul 
active GH or naturally occurring analogous? of GH in the 
patient and thus decrease the genesis of oligodendrocytes 
in patients with axonal or spinal cord injury. Examples 
of such substances are negatively regulating binrii.nq pro- 
teins, GH-reneptor antagonisLs, drugs or antibodies or 
compounds or peptides. Axonal regeneration and spinal 
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cord injury have been shown to be inhibited by certain 
molecules expressed by oligodendrocyte.^ . Furthermore, 
druqs or antibodies or compounds or peptides^ that in- 
crease endogenous peptides, or proLe.ins that decrease thp 
5 biological acrtivity of endogenous GH can al3o be \i3cd. 

The invenLion will bo more fully understood when 
reading the following example. It should not, however, be 
considered to limit the scope of the invention. 




10 Brief description of the drawings 

la Lhe exciinplea below, reference i3 made to the ap- 
pended drawings on which: 

Fig. 1 shows the density of BrdU-positive crells alLcr 7 
days in Lhc dentate gyrus of hypophysectomized 
15 (iix) rats treated according to the invenLion with 

growth hormone (GH) , together with Cortisol (C) , 
and L-Lhyroxine (T) compared to hypophysectomized 
rats treated with only C and T, and to a conLroi 
group . 

20 Fig. ^. shows that animals treated with cortisone, thy- 
roxine and Gil, according to the invention, had 
signi.f ic:antly more granulae cell neurons than hy- 
pophysectomized animals treated witii only corti- 
sone and thyroxine lour weeks after the last BrdU 

25 injection the hypophysectomized animals 

Fiq. 3 shows Lhal: annmals with incrca£*.cd number of new 
born ce.l 1 5 according Lo the invention (O) per- 
formed siqnif icanlly better in the hidden- 
platform version of the water maze task, used to 

30 assess ispaLlal performance, than a control group 

(•) . 

Examples 

In this example, Lhe density of BrdU-positive ceils 
3S in the dentate gyrus of hypophysectomized (Hx) rats 

t-.y-eated according to the invention with growth hormone 
(Cn) , Cortisol (C) , and 1,-thyroxine (T) was compared to 
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the denisity o£ BrdU-positive cells in the dentate gyrus 
of hypophyaecUomized rats treated with Cortisol (C) , and 
L-thyroxine (T) , and to the density ol Lhc iame cells for 
an untreated unoperated control group. 
5 Fisher ratis (Htirlan Sprayue Dciwley) which were in- 

tact or hypophysectOTTij 7.ed at 50 days ol age were main- 
tained under standardized conditions o£ temperature (24- 
2^°C) , humidity (50-60%) and with lights on between 0500 
and 1900 h. 

10 The rats had free access to standard laboratory chow 

and water. Hormonal treatment started 7-10 days after hy- 
pophysectomy. All Lhe hypophysectomi zed rats were given 
Cortisol phosphate (100 \iq / kg / day ; Solu-CorLcf, Upjohn, 
Puurs, Relgium) and L-thyroxlne (10 p-g/kg/day; Sigma, 

lb USA) diluted in saline as a daily subcutaneous injection 
(at 0800 h) . RecomtDinanL bovine GH (bCJi) wi^xts diluted in 
0.05 M phosphate buffer, pH 8.6, with 1.6^ glycerol and 
0.0:;>% sodium azide, GH 1 mg/kq/day was given as one daily 
subcutaneous injection at 24 h iiiLorvals. The treatment 

20 continued for seven days. Thereafter the rats were sacri- 
ficed and the brains taken out and px^epared for immuuo- 
histochemistry . 

Ten hypophysectomized rats were substituted wiLh 
only cortisole and L-thyroxine. Fifteen hypophyseetomized 

25 rats were substituted with cortisole, T. -thyroxine and GH . 
Ten rats weighing 120 g were assigned to a control group. 
During the seven days of the treatment period all animals 
received a daily intraperitoneal injection (50 mg/kg 
bodyweight) of bromodeoxyuridinc (BrdU; Sigma) , The 

30 thymidine analog BrdU is incorporated into the genetic; 
luaLerial upon mitotic division whereafter it- can be de- 
tected immunohistochemically in the resulting celli>. On 
the twentieth day all animals were sacrificed by a lethal 
dose of anesthetics and transcardially perfused with 4% 

35 paraformaldehyde. The brains were removed and postfixed 
in 4i paraformaldehyde for 24h. and thereafter stored in 
JO'b sucrose solution. Coronal freezing microtome sections 
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(4 0pm) were stored in cryoprotectant {2V}^ ethylene gly- 
col, 25% glycerin, O.Ob M phoi;phaLc buffer) at -20''c: un- 
til processing lor i.mTnunoh i stonhe.Tni sr.ry or i mmunof l\]ore.s- 
cence . 



gyrus of the hippocampus were counted using unbiased 
counting tec:hniques. For detection of BrdU-l abeled micrlei 
in tissue sections, the following DNA denaturation steps 
preceded th^ incubation with rnouiiC anti-Brdt] antibody 

10 1:400 (Roerinqer Mannheim) : 2 h incubation in 50?^ forma- 
mide/2X SSC (U.3 M NaCl, 0.03 M sodium clLrace) at 6b**C, 
5 min- Rinse in 2 x SSC, 30 min incubation in 2N HCl at 
37°C, and 10 min. Rinse in O.IM boric acid, pH 8,5. All 
stainings were performed on free floar.ing 40 mm .sections, 

15 Free-floating sections were treated with 0.6*^- H-^Oy in triii 
bullcred saline {rnty) (0.15M NaCl, 0 . IM Tr.is-Hc:l, pii 7.5) 
for 30 min to block endogenoui^ peroxidase. Several rinseu 
in TBS were then followed by incubation in TBS/(K2b% Tri- 
ton X-1 on/3% normal horse serum (TBS-'f.'S) for 30 min and 

20 incubation with primary antibody in TBS-TS overnight at 

4°C. After rinsing in TBS-TS, the sections were incubated 
for 3 hr with biotinylated horse anti-mouse IgG, 1:160 
secondary antibodies (Vector T.ahcjraLories , USA) . After 
'I'RS rinsing a vidin-biotin-peroxidase complex was applied 

25 for 1 h followed by peroxidase detection for 5 minutes 
(0.25 mg/ml diami nobenzidiue, 0.01% 0.04-^ NiCl) . 

For the immunofluorescence, sections were treated 
for DNA denaturation as described above, followed by in- 
cubation in TBS-TS for 30 min. Thereafter the sections 

30 were incubated with mouse-anti-Calb.i ndin-D28 1:2000 

(Sigma) for 16 h at 4**C and was detected with a Texas red 
conjugated donkey anti-mouse IgG. BrdU was detected with 
a FTTC conjugated rabbit anLi-BrdU antibody. Fluorescent 
signals wore detected and processed using a confocal 

35 scanning laser microscope (Bio-Rad MRC1024, Richmond, 



5 



The number of 



BrdU positive cells in the dcnLeiLe 



CA) . 
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'I'he tot-al number of BrdU positive ccili5 in Lhc yran- 
\ale cell layer, the subgranular layer and the hllus and 
their oorre.^pondi ng sample vol nmes were determined in 7-9 
coronal sections, 240 mm apaxt^ that contained Lhc den- 
tate qyrus. Cell counting was done according to an opti- 
cal dissccLor method to avoid over sampling errori^. 

The resultii arc shown in figure 1, After 7 days, the 
number of newborn cells in the dentate gyrus is signifi- 
cantly increased in hypophysectomi :?ed animals submit i L LiLcd 
with Gil, cortisone, and tliyroxine compared to animals 
substituted with only corLisone and thyroxjne. I'urthcr- 
more, the rate of proliferation was significantly in- 
creased after administration of CII Lo hypophysectom.i zed 
animals treated with Cortisol and L-thyroxine as quanti- 
fied after one week of substitution. These reaxilts 
clearly show that Cm increase the pro.l i f erative rate of 
progenitor cells in the dentate gyrus in the hippocampus. 

Furthermore, the rate of proliferation was s.i gni.fi- 
cantly increased after administration of GH to hypophy- 
sectomized animals treated with Cortisol and L-thyroxine 
as quantified after one week of substitution. This resulL 
suggest that Gil affect the proliferative rate of progeni- 
tor cells in the dentate gyrus of Lhe hippocampus. 

Furthermore, the proliferation was increased in nor- 
ma] animals receiving treatment for one week with Gil com- 
pared with ncjrmal controls and compared with the hypophy- 
sectomized animals Lhat were substituted for one week and 
thereafter unsubstituLcd during the following 3 weeks. 
The number of BrdU positive cells were estimated one 
month cifter treatment with either cortisone and L- 
Lhyroxine or corLisone, J. -thyroxine and Gil. The results 
are shown in figure 2. 

The results suggest that GH elLher direct or indi- 
rect promote proliferation or survival of cellis resulting 
from neural cell progenitor proliferation in the dentate 
gyrus . 
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The inventors of the present invention are the first 
Lo show Lhat growth hormone can regulate the prolifera- 
Lion and subsequent generation of neurons in the adult 
brai n . 

Rats with increased number of newborn cells were 
tested and compared with rats that had lower number of 
newborn cellos four weeks after BrdU injection during four 
consecutive dayi5. The raLs were tested in a water mfize 
with a video-tracking system. The time to reach the piri- 
form (latency) were monitored. The escape platform was 
hidden 1 cm below the surface ol Lhe waler at a fixed po- 
!5ition. The water was made opaque by adding dry milk pow- 
der to the water. The water temperature was kcpL constant 
at 22°C Lhroughout the test. Kach animal was tested in 
four trials each day. Each trial la^jLcd 45 s. Animals 
LhaL failed to find the hidden plaLlorm within 45 s were 
designated as having a Ib-s latency and were put. on the 
platform and allowed to stay there for 15 s. 

The latency in finding the platform during the water 
maze test was analyzed with a two-way ANOVA, and rex;)CaLed 
putJlcomparative tests at each monitored time interval 
were performed using the Scheffe i'-test. The results are 
shown in figure 3. There were no significant difference 
in swim speed. IL is evident that animals with increased 
number of newborn cells in the dentate gyrus, due to 
treatment according to the invention, performed signifi- 
cantly belter in the spatial learning task. Th^^o group 
of animals represent the data denoted with O in the fig- 
ure. The data for the rats with the lower number of new- 
born cells are denoted with • in the f.igur«. 
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CLAIMS 

1 . Use of a substance that upon administration to a 
patient will lead Lo an increased ronnentrat.i on of growth 
b hormone or a functionally equivalent analogue thor^of for 
thB production of a medicinal prodvact for treatmonL uT an 
abnormal condition affecting neural stem cells, progenj- 
Lor cells and/or cells derived from intern cells or pro- 
genitor cells. 

10 2. Use according to claim 1, wherein said substance 

13 growth huriuono; or a luncLiona.l 1 y equivalent analogue 
thereof . 

3- Use according to claim 1, wherein said sub.stancn 
upon aciminisLrat ion will increase the release of endoge- 
15 nous growth hormone. 

4. Use according to any one of the claims 1-3, 
wherein said condiLion attects the oliqodendrogiia, as- 
troglia, and/or neuronal cells, 

5. Use according to any one of the claims 1-4, 

20 wherein said condition affects non-c:holinergic neuronal 
cells, cholinergic neuronaJ. cells, or glial colls;. 

6. Use according to any one of the claims 1-5, 
wherein said condition is a CNS damage or deficit. 

7. Use according to any one of the claims 1-6, 
25 wherein said condition is neural cell loss. 

8. Use according to any one of the claims 1-7, 
wherein said condiLion is memory loss. 

9. Use according to any one ol Lhe claims 1-H, 
wherein said condiLion is caused m\ilLiple sclerosis, hy- 

30 poxic injury, ischemic injury, tra\imatic injury, Parkin- 
son's disease, and/or demyelinating disorder. 

10. Use according Lu any one of the claims 1-9, 
wherein said medicinal product is iormulated for intrave- 
nous infusion, intramuscular injection or subcutaneous 

35 injection. 

11. Use according to any one of the c:laims 1-10, 
wherein said medicinal product is formulated so that the 
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active substance will pass into the ventricles of the pa- 
tient's brain when it is administered to a patient. 

12. Use according to any one of the claims 1-11, 
wherein said medicinal producL is formulated so that the 

b active substance wi]l pass into the cerebrospinal fluid 
of the patient when it is administered to a patient* 

13. Use of a substance that upon adminiiitration Lo a 
patient will lead to a decreased concentration of growth 
hormone or a functionally equivalent analogue thereof for 

10 the production of u medicinal product for treatment of an 
abnormal condition attecting the central nervous isyisLciu, 

14. Use according to claim 13, wh«r«in said sub- 
stance is a negatively regulating growth liormonc binding 
protein, a functionally equivalent analogous Lhcreof, an 

15 antibody against growth hormone, a bioloqically active- 
growth hormone rcccpLox inhibitor, anrJ/or an inhibitor of 
endogenous growth hormone release, 

15. Use ac:(:c5rdiiiq Lo claim 13 or 14, whRrR.i.n ^^aid 
abnormal condition is the consequence of axonal damage 

20 caused by concussion, axonal damage caused by head 

trauma, axonal damage caused by small vessel disease in 
Lhc CNS, damage to the spinal cord after d.isease and/or 
trauma . 

16. A method of inducing lineage deL^.rmination, 

25 propagating and/or inducing or maintaining Lhc genesis of 
neurons, oligodendrocytes, astroglial cells Irom progeni- 
tor cells, stem cells and/or cells derived irom said 
colls by administraLion of an effective amount of growth 
hormone or a functionally equivalent analogue thereoi to 

30 stem cells, progenitor cells, neurons astroglial colls 
and/or oligodendrocytes i.n vitro. 

17. A method of inducing lineage detennination cjr 
inducing or maintaining Lhc genesis o£ neurons, oiigodcn- 
drocyLes, astroglial cells from progenitor cells or stem 

35 cells .in, or derived Irom, the central or periferal nerv- 
ous system in a patient, wherein a pharmaceutically ef- 
fective amount of a substance LhctL will lead Lo an in- 




1998 -11- 2 5 

Huvudfoxen Kassan 



17 

creased concentration of growth hormone or a functionally 
equivalent analogue thereof is ariministered to .5a id pa- 
tient . 

18. A method according to claim 17, wticroin said 
substance j growth hormone or a f unc Lional.l y equivalent 
analog\3e thereof. 

19. A method according to c;laim 17, wherein said 
£;ubstance is a substance that increases the release of 
endogenous growth hormone. 

10 20. A method according Lo claim 17, for treatment ol 

an abnormal condition airccLiny the nervo\js system of a 
patient, 

21- A method according tcD c;laim 20, wherein said 
condition affects the oligodendroglia, asLroglia, and/or 
15 neuronal cells • 

22. A method according to claim 22, wherein said 
condition affects the non-cholincrgic neuronal cellis, 
cholinergic neuronal celJ.s, or glial cells. 

23. A method according to cluim 20, wherein said 
20 condition is a CNS damage or deficit. 

24. A method according to claim 23, wherein said 
condition is neural cell loss, 

2h. A metihod according to claim 23, wherein said 
condition is memory loss, 

^5 2 6. A method according to claim 23, wherein said 

condition is caused by at least one factor selected from 
the group consisting of multiple :5clcrosis, hypoxic in- 
jury, ischemic injury, traumatic injury, Parki nson' .s dis- 
ease, and demyelinating disorder. 

30 27. A method according to claim 17, wherein said 

substance is administered by intravenous infusion, intra^ 
muscular injection or subcutanuuua injection. 

28. A method according Lo claim 17, wherein brain 
cells are removed from the patient after said administra- 

35 tion, said brain cells t.hen being propagated in vitro, 
followed by transplantation of the obtained cells back 
into the brain.s of the patient. 
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29. A method according to claim 20, wherein an ef- 
fectives amounL oX growlh hormone or a functionally 
equivalent analogue thereof i .s administered to i>aid brain 
cells during in vitro propagation. 

30. A method of reducing the genesis of oligodendro- 
cyte:j, neurons, astroglial cells troin progenitor cells or 
stem cells in, or derived from, the central or periferal 
nervous system in a patient, wherein a pharmaceutically 
effeo-tive amount of a substance that will lead l.o a de- 
creased conce.nL rat ion of growth hormone or u functionally 
equivalent analogue thereof is administered to said pa- 
tient . 

31. 7\ method according to claim 30, wherein said 
substance is administration to the periferal or central 

15 nervous system of said patient. 

32. A method according to claim 30, wherein aaid 
substance .is .selected from the group con.si.sting of nega- 
tively regulating growth hormone binding proteins, iunc- 
Llonally equivalent analogous thereof, antibodies against 
growth hormone, biologically active growth hormone recep- 
tor inhibitors, and inhiblLors of endogenous GH release. 

33. A method according to claim 30, for treutmcnt of 
a central nervous system injury, 

34. A method according to claim 33, wherein said in- 
jury i.s the consequences of a factor selected from the 
group consisting ol axonal damage caused by concu.ssion, 
axonal damage caused by head trauma, axonal damage caused 
by small vessel disease in the CNS, damage to the spinal 
cord after disease or trauma- 
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ABSTRACT 



Use of a substance that upon administration will 
lead to increased concent rat ions of qrowt.h hormone, sucti 
as growth hormone, a functionally equivalent analogue 
thereof or a substance that will increase the release of 
endogenous growth hormone, for the production ol a me-- 
dicinal producL for treatment of abnormal conditions af- 
fecting neural sLcm cells, progenitor colls and/or cells 
derived from neural stem cells or progeniLor cells, espe- 
cially coiidiLioiis directing the oligodendroglia , astro- 
glia, and/or neuronal cells. 

In vitro and in vivo methods for inducing lineage 
determination, propagating and/or inducing or maintaining 
the genesis of neurons, oligodendrocytes, astroglial 
cells from progenitor cells, stem cells and/or cell3 de- 
rived from said cells by administrating Lo the cells a 
substance that increases the concentration of growth hor- 
mone . 

Also a method of reducing the genesis of oligoden- 
drocytes, neurons, asLroglial. cells from progenitor cells 
or stem cells, wherein a pharmaceutically effective 
amount of a substance that will lead to a decreased con- 
centration of growth hormone or a f unct i.onally equivalent 
analogue thereof is administered to said p^iLient, 
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